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‘What is MEG?

Magnetoencephalography (MEG) is an imaging technique used to
measure the magnetic fields produced by electrical activity in the brain.
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Origin of Magnetic Field in The Brain
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The first paper of MEG measurement:
Science vol. 161 pp. 784 (1968) by David Cohen

Magnetoencephalography: Evidence of Magpetic Fields
Produced by Alpha-Rhythm Currents

Abstract. Weak alternating magnetic fields outside ghe human scalp, produced
by alpha-rhythm currenss, are demonstrated. Subject and magnetic detector were
housed in a lile ically shielded chamb, Back d i
noise was reduced by signal-averaging. The fields near the scalp are about I %
10 gauss (peak to peak). A course distribution shows left-right symmetry for
the particular averaging technique used here.
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Some features of MEG

. MEG is completely noninvasive and non-hazardous.

. The data can be collected in the natural seated position
. The measurement environment is completely silent, which
.MEG has an extremely high temporal resolution
. Signals can be recorded over the whole cortex.

. There is no need to paste electrodes on the scalp as with
EEG.

allowing more life-like cognitive experiments than fMRI.

facilitates especially auditory studies.

(milliseconds) and also provides a good spatial resolution.

Modern Brain Imaging Techniques
. Spatial Temporal
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PET
(Positron Emission millimeter seconds
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Some novel researches performed with MEG

OCIlnlcaI diagnosis:

Focal epilepsy (7 i)

Alzheimer‘s disease (7 % i B g )
Schizophrenia (# #¢ » %)

Multiple sclerosis ( % % 242 (gA i+ i)
Chronic alcoholism (f& 1-iFpt @ 4 )
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From Cambridge Dictionaries online:
squid

noun [C or . .
a sea[ anima mtaz‘ﬁcﬁéebgq)u%pten arms

situated around the mouth, or this animal eaten as
food

I am squid !!!
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B Superconducting QUantum Interference Devices
(SQUIDs)
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The SQUID is a flux-to-voltage converter. 15

Superconductivity

resistance (Ohms)

Heike Kamerlingh Onnes was the
pioneer to liquefy helium. In 1911,
he found the superconductivity for
certain materials. Because of the temperature (ketvin)
great discovery, he won the Nobel
Prize in Physics in 1913.

Zero electrical resistance !
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Josephson Effect

&

In 1962, the 22-year-old

_4‘_,
L

British

student Brian David Josephson
predicted two effects which could
experimentally verified shortly
afterwards. The modern
Josephson voltage standard is
based on one of these effects. He
became a Nobel Prize laureate in

Physics in 1973.

B.D. Josephson, "Possible new effects in superconductive tunnelling”, Phys. Lett. 1 (1962) 251-253.
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Superconducting QUantum Interference Devices
(SQUIDs)

Josephson junction

Superconducting ring

dc SQUID rf SQUID
R. C. Jaklevic, J. Lambe, A. H. A. H. Silver and J. E. Zimmerman,
Silver, and J. E. Mercereau, “Quantum transitions and loss in
“Quantum interference effects in multiply connected
Josephson tunneling,” Phys. Rev. superconductors,” Phys. Rev. Lett.,
Lett., vol. 12, pp. 159-160, Feb. vol. 15, pp. 888-891, Dec. 1965.
1964.
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Schematic of dc SQUID
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Induced Currents g & & i

4 results from Faraday / Henry (1831) 2 % / % 4| (1831) e i 5 %

v=0,1=0 v>0,1>0 i
IR )
- j - nal
1. Current induced in coil by moving
magnet bar.
v>>0,1>>0 v<0,1<0

#Hbopidh § B AR IE (R B)RIT -
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2. Moving the coil instead of the
magnet gives the same result.
- * MRS A BT PSR




Magnetic flux i £ &2 g BT & %

Magnetic flux:
ks Gu=[B0A

. B
For a uniform B on a flat surface:
23 BT

@, =B-A=BAcosé

Move magnet right — more lines thru loop
BT A o FRFMTEPR

Faraday’s law of induction ;2 3 % e i 2 &
The induced emf in a circuit is proportional to the rate of change of magnetic
flux through any surface bounded by that circuit.
- BARBROR BT 2T EERd SRARFLDE s DRI EFT R
iv _';( T T
S = do
{E-dl=z=——F8 - 9rB.da
c dt dt’s

So (f)
A

Where So2(f) and A are the flux noise and the effect area.

The sensitivity relation : Sg%(f) =

To design a sensitive SQUID magnetometer,
one should increase the effective area A, or
reduce the flux noise S,”? to improve the
field sensitivity S5/2.

26
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Directly-coupled SQUID
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Gradiometer High-T, Planar Gradiometer

| First-Order Gradiometer Second-Order Gradiometer |

SQuUID
Superconducting

Input coil wire 1

Y
s
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Pickup #q "
| Coil Q First-Order Gradiometer Second-Order Gradiometer

i Physica C 411 (2004) 53-58 Appl. Phys. Lett. 84, No. 4, 568 (2004)
Insensitive to B, Insensitive to B, and dB/0Z 29 30
Electronic gradiometer based on high-T. SQUID magnetometers: Schematic d |ag ram of integ rated
Superconducting loops on separate chips form the gradiometer through electronic
sy four magnetometers
1st-order electronic 2nd-order electronic
gradiometer gradiometer
B(2)
3
2 "r \1’-';7;%?,;:-
) .

Bicrystal line

*Y. Tavrin, Y. Zhang, Y. Miick, A.l. Braginski and C. Heiden, Appl. Phys. Lett., 62,

1824-1826, (1993). Modulation coil
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NonDestructive Evaluation (NDE)J

Industrial
applications
—[ MagnetoCardioGraphy (MCG) }
Biomagnetic
measurements —[ MagnetoEncephaloGraphy (MEG) J ]
SQU|D —[Magnetic Resonance Imaging (MRI)J
Geologicl
applications

Mineral detection

. Archeomet
Astronomical Ty

applications

Gravitational wave detection 2

The first paper of MEG measured by the SQUID :
Science vol. 175 pp. 664 (1972) by David Cohen

Magnetoencephalography: Detection of the
Brain’s Electrical Activity with a Superconducting Magnetometer
Abstract, Measurements of the brain's magnetic field, called magnetoencephalo-

grams (MEG’s), have been taken with a superconducting magnetometer in a
heavily shielded room. This magnetometer has been adjusted to a much higher

Head away Eyes closed Closed . Closed
MEG  waareapestirmsny ey
2x16° wuu:[
EEG ---mmmmmmmnen ”WWMWMWNMW%W\W{WM
ey
4a0uv 1 1 sec
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Structure of magnetoencephalographic

sensing system
CTF Systems Inc.




Example (Vectorview)

» 306 channels
« Triple sensor elements

Elekta Neuromag

Signal and noise sources
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SQUID noise

Thermal noise of the bod

Spectral density (TAHz)

-
2
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Magnetically Shielded Room

» A passive shield against
environmental magnetic noise

+ Concentric shells of mu-metal
and aluminium

External magnetic field
‘bends’ around the
magnetically-shielded room

39

Magnetically shielded rooms

¢ Mu-metal/Aluminium structure
» Shielding enhanced by active compensation
» Typical performance: -

0.1 Hz -40 dB

1.0 Hz -60 dB

10 Hz -80 dB

10



The configuration of SQUID sensors

&

The magnetic signais generated from human brain
measured by 128 channels MEG system. (Top view)

Helmet-type dewar (8¢ & % # % #5 )

The first-order Gradiometer used in the 128-channel MEG system
MEG % @ * — FF R - E RIEF AR

Eirst-order gradiometer

SQUIDPCB ~_ |

NbTi wire

Pickup coil 50 mm

B B
@20 mm

dB,/dz

Pickup coil is made of NbTi wire wound on a non-magnetic fiber glass reinforced plastic.
43

MEG % se4t 3 ¥g 7t LR MEG i %i4 X #5523 % B
42
SQUID Sensor layout (g p| B ez B & F)
Backig EEl
EERA “
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Magnetically Shielded Room (MSR) in NTNU

MSR-SH100
(SHINHWA ENGINEERING CO., LTD.)
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Inner dimension : 2.8 m (L) x 2.2m (W) x 2.4 m (H)

Outer dimension : 3.2 m (L) x 2.6 m (W) x 2.9 m (H) e

Flowchart of MEG measurement
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How can we know where
the subject’s head is
within the MEG helmet?

In order to determine the subject’s head within
the MEG helmet, we perform the “localization”
‘before MEG measurement.

| 6 Degree-&&{reedum (6DOF) trackm&system |

Channel 1 : Reference

Channel 2 * Sensor Transmitter
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T AE l“-krﬁ]%—r °

Left-preauricular, F

auricular, PAR

13



R N Y
Nasion ~ PAL ~ PAR 12 % _
TLRE P HEE T
a2 iR ks e

(b)

Top view
Y
Nasion

Coil4 = e Coil 3

Coill e ¢ Coil 2

/ z
PAL PAR

A
A
SO S O
70 C O g Qv
@)
L 00C ; QQK“ combination
0O O QOO
. f&@ooo ooomR %
. 4,000“ “Qm
: C) OO OO O QBOY
%gg g ”@00() )OO0 IR Top view
P QQ%C ®ood
_ \\ O/
Top view Top view %fﬁ




‘Virtual brain construction ‘

@ (b)

Magnetic Resonance Images

The auditory evoked fields (AEF) measured by 128 channels MEG
N100m Pzrom Susmil\”ield N100m off-response

P50m
Auditory evoked field (AEF) ‘\

Field (T)

Time (ms)

A g Sine-wave tone
Auditory stimulus #&:: I
| | | | | | | |

| | | | | | | |
-150 ms ms 200 ms 400 ms 600 ms 800 ms
Pre-trigger time

epoch time

AEF recording:

Stimulus parameters: Sampling rate: 1000 Hz
Pre-trigger time: 150 ms
Frequency: 500 Hz Epoch time: 15

Average: 100 epochs

Characteristic peaks of the AEFs:
P50m, N100m, P200m, and N100m
off-response.

Duration: 425 ms
Sound input: Left ear

The relative position of a subject’s brain in the 128
channel SQUID helmet

96 ms 98 ms 100 ms 102 ms 104 ms 106 ms

The temporal evolution of the AEF signals is shown by 2-
D isofield contour map around the N100 peak.
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The activated area in the brain corresponding to the peak signal of
N100m on-response

Equivalent Current Dipole calculation Current Density Reconstruction

The visual evoked magnetic field measurement

The P100m signal of visual evoked magnetic field (VEF)

Butterfly pattern of AEF Current Density Reconstruction
(Rear view)
-

The activated
visual cortex

2D isofield contour map
(Top view)
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. MEG is completely noninvasive and non-hazardous.

. The data can be collected in the natural seated position allowing more
life-like cognitive experiments than fMRI.

. The measurement environment is completely silent, which facilitates
especially auditory studies.

. MEG has an extremely high temporal resolution (milliseconds) and
also provides a good spatial resolution.

. Signals can be recorded over the whole cortex.

. There is no need to paste electrodes on the scalp as with EEG.

65

Thanks for your attention!
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